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TaBLE 1: Patient characteristics at study entry.

AHOD, TAHOD,
Characteristics n =794 n = 2053 P*
n (%) n (%)
Age (years)
Mean = SD 45 (+9.8) 38.6 (x10)  <0.001
Gender
Male 761 (96) 1,484 (72.2)  <0.001
Female 30 (3.8) 567 (27.6)
Transgender*** 03 (0.4) 02 (0.1)
HIV exposure category
Ij}g‘gsexual comtact  ¢1g(78.4)  485(23.7)  <0.001
IDU = heterosexual 25(3.2) 45 (2.2)
Heterosexual 65 (8.2) 1,341 (65.6)
Other 80 (10.2) 174 (8.5)
Missing 06 (0.7) 08 (0.4)
HBV coinfection
Negative 649 (81.8) 1,376 (67) <0.001
Positive 22(2.8) 171 (8.3)
Missing/never tested 123 (15.5) 506 (24.6)
HCV coinfection
Negative 631 (79.5) 1,365 (66.5)  <0.001
Positive 87 (11) 128 (6.2)
Missing/never tested 76 (10) 560 (27.3)
SH()I(;]C(I){;I?S/;L 326 (41) 372 (18) <0.001
Missing 58 (7.3) 880 (43)
CD4+ count cells/uL 360 (219-569) 161 (50-280) <0.001**
Median (IQR)
Missing 58 (7.3) 264 (12.9)
Cumulative exposure to
cART in years
Median (IQR) 2(0-8.2) 0(0-0.2)  <0.001**
Number ART naive 320 (40.3) 1460 (71)
Body mass index (kg/m?)
Mean (£SD) 24 (£3.4)  21(£34)  <0.001
Missing 528 (66.5) 1016 (49.5)
Total cholesterol mmol/L
Mean (+SD) 5.15(+1.3) 4.88(x1.4) <0.001
Triglycerides mmol/L
Mean (=SD) 2.44 (x2) 2.40 (£2.3) 0.678
HDL-C mmol/L
Mean (=SD) 1.15 (%0.5) 1.25 (£0.4) <0.001

*Comparison by t-test for continuous variables and the x? test for
noncontinuous variables. **Comparison by Wilcoxon rank-sum test. A:
AHOD: Australian HIV Observational Database; T: TAHOD: TREAT
Asia HIV Observational Database. cART: combinational antiretroviral
therapy; HBV: hepatitis B coinfection; HCV: hepatitis C coinfection; IDU:
Intravenous drug user; IQR: interquartile range; SD: standard deviation.
***Transgender participants were classified as males in the multivariable
analyses.

4, Discussion

In this study, we examined the mean differences in lipids
between various cART regimens in TAHOD and AHOD
cohorts. We found that the relationship between regimen
and lipids differed by cohort only in the analysis of total
cholesterol level. For total cholesterol, the magnitude of
effect of regimen differed between cohorts such that TAHOD
participants tended to have slightly lower total cholesterol for
most regimens (most notably for the NRTIs (+TDF) + PI
(+ATV) and the NRTIs + PI regimens). Overall, we found
that the NRTIs (+TDF) + NVP and the NRTIs (+TDF) +
PI (+ATV) regimens were associated with the most favorable
lipid profile, whereas the NRTIs + PI and the NRTIs +
EFV regimens were associated with the least favorable lipid
profiles.

These regimen/lipid association findings are consistent
with the literature from Western countries [5-8, 17]. The few
studies that have reported lipid results from Asian population
also suggest an adverse impact of PI-based and EFV-based
regimens on lipids as compared to non-Pl-based and NVP-
based regimens, respectively [18, 19]. However, these studies
were performed in clinical-trial populations, and in one
study [19], NVP was given at 400 mg once a day, instead of
the recommended 200 mg twice a day dosing schedule. Also,
they did not report usage of TDE- or ATV-based regimens.

The observed differences in mean total cholesterol
between TAHOD and AHOD cohorts, though statistically
significant, were of small magnitude. The differences could
be due to variations in race/ethnicity or dietary, environ-
mental, and lifestyle factors [20]. The clinical relevance of
these differences, particularly the impact of these differences
on overall risk of CHD, is uncertain. In our study, TAHOD
participants had average total cholesterol up to 0.5 mmol/L
lower than AHOD for the NRTIs + PI regimen (Figure 1(a)).
Studies on treated HIV-infected populations have suggested
that a difference of 1 mmol/L in total cholesterol may be
associated with difference of about 25% in risk of CHD [21,
22]. Further, TAHOD participants, for any given regimen,
had higher triglycerides which have been associated with
greater risk of CHD [23]. The CHD events in cART-treated
HIV patients are thought to be multifactorial in origin,
with a possible role of dyslipidemia, cART, HIV-associated
inflammatory process, and traditional risk factors [1, 21]. We
did not have data on other CHD risk factors, with which we
could calculate the overall Framingham risk score for each
cohort. Future studies should therefore evaluate their impact
on risk of CHD events in treated HIV populations in Asia.

There are further limitations to this study. We divided
each class of ART according to those shown to have
favorable impact on lipids, that is, TDF, ATV, and NVP
[5, 7, 8]. However, such a classification did not allow us
to examine the impact of other individual drugs in each
class. Further, we did not have information on use of
lipid-lowering medications, which are likely to differ bet-
ween TAHOD and AHOD. It is likely that since TAHOD
participants were younger and mostly from low-middle in-
come countries, they may have a lower rate of use of lipid-
lowering medications, as compared to those in AHOD.
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TaBLE 2: Number and frequency of total cholesterol measurements by type of regimen and cohort.

AHOD  AHOD median (range)  AHOD no. TAHOD median (range) TAHOD no.

cART Regimen No.of  no. of measurements per (%) of TAHO.D n?k. no. of measurements per (%) of
patients® patient measurements of patients patient measurements

NRTIs (+TDF) + NVP 122 2 (1-6) 247 (10.8) 70 1(1-4) 108 (1.9)
NRTIs (+TDF) + EFV 131 2 (1-4) 245 (10.7) 90 1(1-4) 147 (2.6)
NRTIs + NVP 155 2 (1-6) 342 (14.9) 696 1(1-8) 1157 (20.6)
NRTIs + EFV 97 2 (1-4) 211 (9.2) 684 2 (1-10) 1487 (26.5)
ﬁ}g\sfgwm) Pl 140 1 (1-5) 266 (11.6) 20 1(1-4) 28 (0.5)
NRTIs (+TDF) + PI 187 2 (1-7) 410 (17.9) 137 3 (1-6) 367 (6.5)
NRTIs + PI (+ATV) 78 2 (1-5) 178 (7.7) 232 3 (1-6) 610 (10.9)
NRTIs + PI 184 2 (1-6) 396 (17.2) 620 3 (1-12) 1698 (30.3)
Total 1094 2295 (100) 2548 5602 (100)

*Each patient could contribute to more than one regimen. AHOD: Australian HIV Observational Database; ATV: Atazanavir; EFV: Efavirenz; NNRTI: non-
nucleoside reverse transcriptase inhibitors; NRTIs: nucleoside reverse transcriptase inhibitors; NVP: nevirapine; PI: protease inhibitor; TAHOD: TREAT Asia
HIV Observational Database; TDF: tenofovir. Key. NRTIs are TDF based (NRTIs + TDF) or not (NRTIs) and PI as ATV based (PI + ATV) or not (PI).

TaBLE 3: Adjusted analyses for triglycerides, HDL-C, and total cholesterol : HDL-C ratio.**

Mean difference in total

Mean difference in Mean difference in HDL-C

. ) ) . N
Covariate triglycerides mmol/L (95% CI) mmol/L (95% CI) cholesterol HgII; Cratio (95%
Regimen

NRTIs (+TDF) + NVP Reference Reference Reference

NRTIs (+TDF) + EFV

0.17 (—0.19 t0 0.53)

0.01 (—0.06 to 0.08)

0.16 (—0.16 to 0.47)

NRTIs + NVP 0.58 (0.29 to 0.87) 0.15 (0.08 to0 0.21) 0.13 (—0.12 t0 0.39)
NRTIs + EFV 0.64 (0.34 to 0.95) 0.09 (0.03 t0 0.16) 0.29 (0.01 to 0.56)
;1?3}(;; DF) + 0.15 (~0.22 to0 0.52) ~0.03 (—0.11 to 0.05) 0.29 (—0.04 to 0.62)
NRTIs (+TDF) + PI 1.06 (0.73 to 1.38) —0.02 (-0.09 to 0.05) 0.66 (0.37 to 0.95)
NRTIs + PI(+ATV) 0.57 (0.24 to 0.90) 0.03 (—0.05t0 0.10) 0.34 (0.02 t0 0.65)
NRTIs + PI 1.13 (0.83 to 1.43) 0.01 (—0.06 to0 0.07) 0.75 (0.47 to 1.03)
P <0.001 <0.001 <0.001
Cohort
AHOD Reference Reference Reference
TAHOD 0.33 (0.11 to0 0.55) 0.04 (-0.01 to 0.09) —0.16 (—0.40 to 0.08)
P 0.003 0.146 0.187

Table shows independent effects of regimen and cohort variables in adjusted analyses. Since the interaction term between these variables was not significant,
it was not included in the models. Figure 1 shows the interaction between regimen and cohort variables.

**Multivariable models were a priori adjusted for time on given regimen, Hepatitis B and/or C coinfections, age, gender, HIV RNA viral load copies/mL, CD4+
T-cell count, BMI, cumulative exposure to cART at the start of regimen, and HIV exposure category. AHOD: Australian HIV Observational Database, ATV:
Atazanavir; cART: combinational antiretroviral therapy; Cl: confidence interval; EFV: Efavirenz; HBV: Hepatitis B co-infection; HCV: Hepatitis C co-infection;
IDU: Intravenous drug user; NNRTI: nonnucleoside reverse transcriptase inhibitors; NRTI: nucleoside reverse transcriptase inhibitors, NVP: nevirapine, PI:
protease inhibitor, TAHOD: TREAT Asia HIV Observational Database; TDF: Tenofovir. Key. NRTIs are TDF based (NRTIs + TDF) or not (NRTIs) and PI as

ATV based (PI + ATV) or not (PI).

However, TAHOD participants had lower total cholesterol
for most regimens than those in AHOD, suggesting residual
confounding, racial differences, or possibly higher use of
lipid lowering medications. Also, lipid values were measured
in site-specific laboratories which may introduce variation
in results. However, such a variation is unlikely to result
in any systematic differences in total cholesterol that we
observed. Furthermore, patients in AHOD tended to be more
treatment-experienced than TAHOD; however, adjusting
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for cumulative cART exposure did not change our results.
Nevertheless, any residual confounding from these and other
unmeasured factors cannot be ruled out. Lastly, we did not
have pre-cART lipid data to compare with post-cART data in
each cohort, which would have provided clearer comparisons
of change in lipids in response to cART between the cohorts.
Keeping these limitations in mind, our results were however
robust when restricted to those (i) documented to be taken
after over-night fasting, (ii) with documented race/ethnicity,
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and (iii) adjusting for differential use of d4t, suggesting that
these factors were unlikely to impact our results.

Strengths of our study include TAHOD and AHOD being
founded on similar methodology thereby reducing the like-
lihood of confounding due to methodological differences.
Also, the large sample size available allowed us to analyse
several regimens, including those with TDF and ATV, which
are less frequently used in low-middle income countries [10].
Moreover, availability of lipid measurements on several time-
points on each regimen allowed us to adjust for time spent on
each regimen of interest.

In summary, our findings suggest that the impact of
various ART regimens on lipids is largely similar in TAHOD
and AHOD cohorts and that the newer drugs such as TDF
and ATV are likely to provide similar benefit in terms of lipid
profiles in both populations. We also found that TAHOD
participants may have slightly lower mean total cholesterol
for most regimens, although the clinical significance of this
difference is uncertain. These findings contribute to the gap
in evidence from Asian settings. Future studies should report
pre- to post-ART monitoring of lipids and information on
Framingham risk score in diverse populations.
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This study examined characteristics of HIV-infected patients in the TREAT Asia HIV Observational Database who were lost to
follow-up (LTFU) from treatment and care. Time from last clinic visit to 31 March 2009 was analysed to determine the interval
that best classified LTFU. Patients defined as LTFU were then categorised into permanently LTFU (never returned) and temporary
LTFU (re-entered later), and these groups compared. A total of 3626 patients were included (71% male). No clinic visits for
180 days was the best-performing ITFU definition (sensitivity 90.6%, specificity 92.3%). During 7697 person-years of follow-up,
1648 episodes of LEFTU were recorded (21.4 per 100-person-years). Patients LFTU were younger (P = 0.002), had HIV viral load
2500 copies/mL or missing (P = 0.021), had shorter history of HIV infection (P = 0.048), and received no, single- or double-
antiretroviral therapy; or a triple-drug regimen containing a protease inhibitor (P < 0.001). 48% of patients LTFU never returned.
These patients were more likely to have low or missing haemoglobin (P < 0.001), missing recent HIV viral load (P < 0.001),
negative hepatitis C test (P = 0.025), and previous temporary LTFU episodes (P < 0.001). Our analyses suggest that patients not
seen at a clinic for 180 days are at high risk of permanent LTFU, and should be aggressively traced.
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1. Introduction

Loss to followup (LTFU) in patients receiving antiretroviral
therapy can cause serious consequences such as discontinua-
tion of treatment and increased risk of death [1-3]. At a pro-
gram level, LTFU can make it difficult to evaluate outcomes
of treatment and care {4, 5]. In resource-limited settings,
where treatment has become rapidly available following the
rollout of antiretroviral therapy, LTFU presents even more
challenging obstacles that require special consideration and
approaches [6, 7].

One of the key questions in patient followup is how to
define a patient as LTFU. This has varied in studies conducted
in different settings [8-10]. Defining LTFU using a very early
threshold, for example, a patient with no clinic visit in the last
three months, may result in many patients being considered
as LTFU who would return to clinic naturally at a later date.
Defining LTFU with a long threshold, for example, one year,
may mean delaying too long before any effort is made to track
patients potentially at risk of LTFU.

The majority of research into LTFU in HIV-infected
patients receiving antiretroviral treatment in resource-
limited settings has been conducted in the sub-Saharan
Africa region [3, 10-13]. A few studies have been conducted
among Asian, mostly female, patients [14-16]. Using
data from the TREAT Asia HIV Observational Database
(TAHOD), this study was carried out to find the best-
performing definition of LTFU and examine the characteris-
tics of HIV-infected patients from the Asia-Pacific who were
LTFU from treatment and care.

2. Methods

Established in 2003, TAHOD is a collaborative observational
cohort study involving 18 sites in the Asia-Pacific region (see
Acknowledgement). Detailed methods have been published
previously [17]. Briefly, each site recruited approximately
200-300 HIV-infected patients, with recruitment based on
a consecutive series of patients regularly attending a given
site from a particular start-up time. Ethical approval for the
study was obtained from the University of New South Wales
Ethics Comumittee, Western Institutional Review Board,
and respective local ethics committee from each TAHOD
participating site.

The following data were collected: patient demographics
and baseline data, CD4 and CDS8 count, HIV viral load,
prior and new AIDS defining illness (ADI), date and cause of
death, prior and current prescribed antiretroviral treatment
(ART), and reason for treatment change. Data were collected
according to a common protocol. Upon recruitment, all
available data prior to entry to TAHOD (considered as
retrospective data) were extracted from patient case notes.
Prospective data were updated six-monthly at each clinic and
transferred to the data management centre for aggregation
and analyses in March and September each year. TAHOD
sites were encouraged to contact patients who have not been
seen in the clinics in the previous 12 months.

TAHOD data submitted at March 2009 and March 2010
were used to find the best-performing definition of LTFU.
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TAHOD patients who had no followup after recruitment
were not included in this analysis. Patients who were not
seen in clinic for more than 12 months prior to the March
2010 data submission (i.e., last clinic visit prior to March
2009) were considered to be truly LTFU. The days between
the last clinical visit and 31 March 2009 in the March 2009
data transfer were then used to find the interval that best
classified a true LTFU in the following way. A series of
cutoffs were considered, from ten to 365 days, to define
patients as potentially LTFU. Each of these definitions of
potential LTFU was compared with the gold standard of true
LTFU, defined as no patient followup in the 12 months prior
to 31 March 2010. The sensitivity and specificity of each
cutoff in identifying true LTFU were calculated, and the best
performing cutoff identified using the area under the receiver
operator characteristic (ROC) curve. The optimal definition
of ITFU identified in terms of maximising the sensitivity
and specificity of true LTFU was found to be 180 days (see
Results). This definition was then used in the risk factor
analyses that follow.

Followup started from the last clinic visit at the March
2007 data submission. Patients who were considered LTFU
before March 2007 (i.e., had no clinic visits 180 days before
31 March 2007) were excluded from the analysis. For patients
enrolled after March 2007, the followup started at the time of
enrolment. In terms of calculating person-years of followup,
the end of followup for patients who had no clinic visit for
180 days and so were considered as LTFU was defined as 90
days after their last clinic visit. For patients not considered
LTFU, the end of followup was also defined as 90 days after
their last clinic visit. If a patient died, the followup was
censored on the date of death if the date was within 180
days of their last clinic visit. Patients who died after March
2007 were considered to have complete followup. It should be
noted that patients who were considered LTFU could return
to clinic and reenter followup. The start of this reentry to
followup was defined as 3 months prior to the first clinic
visit that reinitiated followup. The patients that reentered
followup could also be re-LTFU if the patient subsequently
did not attend clinic for more than 180 days. The definitions
we adopted were consistent with those in a previous study
[18].

The rates of LTFU were calculated by the number of
total LTFU periods divided by the total duration of followup
contributed by the patients included in the analysis [18].
Because of the reentering and re-LTFU, patients could
contribute more than one episode of LTFU in this analysis.
The rates were further calculated in different strata, including
age, sex, exposure category, hepatitis B and C infection, year
since HIV infection, calendar year, the latest CD4 count
and viral load, antiretroviral treatment status, CDC disease
stages, prophylaxis (coded as receiving or not), and haemo-
globin level, all taken at the start of each episode.

Factors associated with ITFU were assessed by multivari-
ate Poisson regression models, using generalised estimating
equations, to allow for multiple events of LTFU in the same
patients. CD4 count, HIV viral load, antiretroviral treatment,
AIDS diagnosis, and haemoglobin tests were included as
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TABLE 1: Receiver operating characteristic (ROC) analysis for the best-performing definition for loss to followup.

&T}Zﬁf Sensitivity (%)  Specificity (%) Arelict)néder Cutoff (days) Sensitivity (%)  Specificity (%) AreRacl)lgder
10 99.67 16.97 58.32 160 90.96 90.77 90.87
20 99.02 24.32 61.67 170 90.64 91.44 91.04
30 98.05 31.31 64.68 175 90.64 92.05 91.34
40 96.82 39.90 68.36 180 90.55 92.26 91.41

50 96.34 49.52 72.93 185 90.23 92.53 91.38

60 95.77 57.20 76.48 190 89.33 93.01 91.17

70 95.28 65.52 80.40 200 88.52 93.44 90.98

80 95.11 71.26 83.19 210 87.79 94.13 90.96
90 94.71 77.62 86.16 240 85.26 95.25 90.26
100 94.22 80.91 87.57 270 83.55 96.43 89.99
120 93.24 86.18 89.71 300 82.00 97.04 - 89.52
150 91.53 90.17 90.85 365 78.99 97.73 88.36

True LTFU defined as no patient followup in the 12 month prior to 31 March 2010. Each cutoff used as a potential definition of LTFU was the days between
last clinical visit and 31 March 2009 in the March 2009 data transfer. The sensitivity and specificity of each cutoff in identifying true LTFU were calculated,

and the optimal cutoff identified based on ROC analysis.

time-dependent variables and updated at the time the new
measurement or diagnosis was available. '

Patients who had at least one episode of LTFU were
then categorised into two groups: those who had no more
clinical visits in the database (permanently LTFU) and those
who later reentered followup (temporary LTFU). Multivari-
ate logistic regression models were used to compare the
characteristics in patients who were considered permanently
LTFU with those who were temporary LTFU. All covariates
were taken at the end of the episode in patients with truly
LTFU or at the end of the first episode in patients considered
temporary LTFU.

Multivariate models were built using a forward-stepwise
approach. The final model included covariates that remained
significant at the P < 0.05 level. Nonsignificant variables were
also presented and adjusted for the final multivariate models.
Data management and statistical analyses were performed
using SAS for Windows (SAS Institute Inc., Cary, NC, USA)
and Stata (StataCorp, STATA 10.1 for Windows, College
Station, TX, USA).

3. Results

In March 2007, there were 2565 patients in the database. 1061
patients were subsequently enrolled in TAHOD up to March
2010. A total of 3626 patients from TAHOD who had follow-
up visits in the clinic were included in this analysis. During
the study period (from March 2007 to March 2010), there
were 54 patients who died and considered to have complete
followup.

Using days between last clinic visit and 31 March 2009 in
the March 2009 data transfer, we identified the interval that
best classifies a true LTFU (i.e., no clinic visit after 31 March
2009). An interval of 180 days was determined as the best-
performing definition (Table 1, sensitivity 90.6%, specificity
92.3%). Using 180 days as the LTFU cutoff, during 7697
person-years of followup, a total of 1648 episodes of LTFU
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from 1298 patients were identified, giving a crude LTFU rate
of 21.4 per 100 person-years (95% confidence interval, CI,
20.4t0 22.5). Of those 1648 episodes of LTFU identified using
180 days as the cutoff, 48% were considered permanently
LTFU (i.e., the patient did not return to clinic before 31
March 2010), corresponding to 45% of the 1298 patients.

The patient characteristics are summarised in Table 2.
The majority of patients were male (71%), aged between 36
and 45 years (40%), and reported heterosexual transmission
(64%). Chinese (27%), Thai (26%), and Indian (11%) were
the main ethnic groups. At recruitment, approximately 12%
did not have a CD4 count test, and of those tested, the major-
ity had a CD4 count more than 200 cells/yL. Nearly half
(45%) did not have an HIV viral load test, and of those tested,
the majority were below 500 copies/mL. Close to half of the
patients (46%) were diagnosed with an AIDS defining illness
at recruitment, with tuberculosis being the main illness. Most
patients (63%) had been reported to be diagnosed with HIV
for less than 6 years when recruited to TAHOD (measured
as the time from first reported positive HIV test). Less than
10% of the patients were coinfected with either hepatitis B
or hepatitis C. At recruitment, the majority of patients had
normal haemoglobin level. At the start of study followup,
most of the patients were on antiretroviral therapy including
three or more drugs in combination including at least one
nucleoside reverse transcriptase inhibitor (NRTI) and one
nonnucleoside reverse transcriptase inhibitor. Over 20% of
patients were in a combination with at least one NRTI and a
protease inhibitor (PI). All patients were receiving, or started,
antiretroviral therapy during followup.

Table 3 summarises univariate and multivariate analyses
of factors associated with LTFU using 180 days as cut-off. In
univariate analyses, the rate of LTFU was significantly lower
in patients with a current CD4 counts above 200 cells/uL
compared to patients with a CD4 count less than 100 cells/uL,
but this was not significant in the final multivariate model.
In the final multivariate model (Table 3), factors associated
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TaBLE 2: Patient characteristics. TasLE 2: Continued.
Total 3626 Total 3626
Characteristics Number % Characteristics Number %
Sex Antiretroviral treatment at baseline
Male 2567 71 3 + (NRTI + NNRTI) 2224 61
Female 1059 2 3+ (NRTI + PI) 744 21
Current age (years) No/mono/double drug 583 16
=35 LS 38 3 + (other combination) 75 2
36-45 1449 40 Anermnia: haemoglobin <13 g/dl (male), <11 g/dl (female); NRTI: nucleoside
46+ 794 22 reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase
Reported exposure inhibitor; PI: protease inhibitor.
Heterosexual contact 2337 64
Homosexual contact 749 21
gli;:/tiz:;i:e 2?; ; with LTFU included age (younger patients had }}igher rate
- of ITFU), current HIV viral load (either patients with
Ethnicity HIV viral load =500 copies/mL or no tests in recent 180
Chinese 289 27 days had higher rate of LTFU), history of HIV infection
Indian 390 11 (patients with shorter history of HIV infection had higher
Thai 933 26 rate of LTFU), hepatitis C infection (patients with positive
Other/unknown 1314 36 hepatitis C antibody had higher rate of LTFU), and, finally,
Baseline CD4 count (cells/ul.) current combination of antiretroviral treatment (compared
<100 239 7 to patients on triple-drug regimen with at least one NRTT and
101-200 406 11 one NNRTIT, patients receiving no-, single-, or double-drug
201+ 2531 70 antiretroviral therapy, or a triple—firug regimen containing at
Missin 450 12 least one NRTI and one PI, had higher rate of LTFU).
e ; Table 4 shows factors that predict permanent LTFU
Baseline HIV RNA (copies/ml) . AN
among patients who had no clinic visit for 180 days and so
=500 1482 41 met our optimal definition of LTFU. In the final multivariate
501+ 379 10 model, patients permanently LTFU were more likely to be
Missing 1765 49 older, have not been anemic, have no recent HIV viral load
CDC disease stage at baseline test, have tested negative for hepatitis C infection or have
Stage A 1621 45 never tested for hepatitis C, and have had more than one
Stage B 321 9 episode of previous temporary LTFU.
Stage C 1684 46
Tuberculosis diagnosis at baseline 4. Discussion
ge(; 287 6588 Zi We found that an interval. of 180 ’c'lays between clinic
e - - visits was the best-performing definition of LTFU based
Time since HIV infection (years) on sensitivity and specificity in identifying true LTFU. By
=5 2295 63 this definition, we observed that approximately one in five
6+ 1246 34 patients in our cohort would miss clinic visits for more
Missing 85 2 than 180 days and so become defined as LTFU. Among
Hepatitis B infection these patients in our cohort close to half eventually returned
No 2297 63 to followup, with half becoming truly lost to HIV-related
Yes 257 7 treatment and care.
Not tested 1072 30 The 18()-day‘ f:utoff has been used by other st}ldies as
Hepatitis C infection a working definition of LTFU [10, 19-21]. Other .mter.vals
No 2007 55 have also been proposed as measurements of clas§1ﬁcat1ons
Yes - 9 of LTFU, such as 90 days [8] and 365 days [9]. Regional- and
cohort-dependent characteristics, such as scheduled clinic
Not tested 1295 36 visits, patient burden, and drug availability could result in
Anemia at baseline specific intervals that best categorise patients at risk of LTFU.
No 2480 68 Nevertheless, a 180-day (or 6-month) cutoff is an appealing
Yes 597 16 and easy-to-apply definition that could be used in different
Haemoglobin not tested 567 16 clinical settings in the Asia-Pacific region to flag patients at

risk of being permanently lost to treatment and care. Our
analyses suggest patients with no clinic visits for six months
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TasrLE 3: Factors associated with permanent or temporary LTFU, defined as no clinic visit for 180 days, among all patients under followup.

Person- Number Crude Rate! Adj uste;l »
years LTFU 95% CI  IRR>  95% CI IRR*>  95% CI
value value

Sex

Male 5468.1 1206 22.06 (20.85,23.34) 1.00 1.00

Female 2229.2 442 19.83 (18.06,21.77) 1.10 (0.98,1.24) 0.090 1.04 (0.93,1.17) 0.446
Current age (years)

<35 2210.4 575 26.01 (23.97,28.23) 1.00 1.00 0.0023

36~45 3320.2 718 21.62 (20.10,23.27) 0.82 (0.74,0.92) 0.001 0.89 (0.79,1.00) 0.050

46+ 2166.6 355 16.39 (14.77,18.18) 0.69 (0.60,0.79) <0.001 0.76 (0.66,0.88) <0.001
Reported exposure

gif:gfexual 5144.5 985 1915 (17.99,20.38) 1.00 1.00

g‘;’g‘ge’mal 1707.2 344 20.15  (18.13,22.40) 1.10 (0.93,1.29) 0275 1.05 (0.89,1.25) 0.540

Injecting drug use 344.3 125 36.31 (30.47,43.27) 1.21 (0.97,1.51) 0.098 1.10 (0.86,1.40) 0.437

Other/unknown 501.3 194 38.70 (33.62,44.55) 1.64 (1.37,1.98) <0.001 1.56 (1.29,1.88) <0.001
Current CD4 count (cells/pl.)

<100 233.7 69 29.52 (23.32,37.38) 1.00 1.00

101-200 635.7 136 21.40 (18.09,25.31) 0.92 (0.68,1.22) 0.551 0.96 (0.72,1.29) 0.800

201+ 6327.6 1181 18.66 (17.63,19.76) 0.75 (0.58,0.96) 0.023 0.79 (0.61,1.02) 0.071

Missing 500.3 262 52.37 (46.40,59.11) 1.18 (0.90,1.55) 0.235 0.99 (0.74,1.31) 0.922
Current HIV RNA (copies/ml)

<500 4213.7 679 16.11 (14.95,17.37) 1.00 1.00 0.021°

501+ 537.1 158 29.42 (25.17,34.38) 1.71 (1.43,2.04) <0.001 1.24 (1.03,1.51) 0.026

Missing 2946.4 811 27.52 (25.69,29.49) 1.75 (1.55,1.98) <0.001 1.64 (1.45,1.86) <0.001
CDC disease stage

Stage A 3205.1 828 25.83 (24.13,27.65) 1.00 1.00

Stage B 801.6 118 14.72 (12.29,17.63) 0.93 (0.76,1.14) 0.507 0.95 (0.77,1.17) 0.623

Stage C 3690.5 702 19.02 (17.67,20.48) 0.84 (0.75,0.93) 0.001 0.92 (0.82,1.02) 0.125
Tuberculosis diagnosis

Yes 1806.7 372 20.59 (18.60, 22.79) 1.00 1.00

No 5890.6 1276 21.66 (20.51,22.88) 1.04 (0.92,1.18) 0.537 0.98 (0.87,1.12) 0.801
Time since HIV infection (years)

<5 3477.2 785 22.58 (21.05,24.21) 1.00 1.00 0.005°

6+ 4115.7 844 20.51 (19.17,21.94) 0.84 (0.75,0.94) 0.002 0.89 (0.79,1.00) 0.048

Missing 104.3 19 18.21 (11.61,28.55) 0.58 (0.36,0.94) 0.027 0.49 (0.30,0.79) 0.004
Hepatitis B infection

Yes 584.5 112 19.16 (15.92, 23.06) 1.00 1.00

No 5101.9 883 17.31 (16.20,18.49) 0.93 (0.76,1.13) 0.474 0.90 (0.74,1.10) 0.319

N/A 2010.8 653 32.48 (30.08, 35.06) 0.98 (0.80,1.21) 0.859 1.07 (0.85,1.35) 0.548
Hepatitis C infection

Yes 541.4 149 27.52 (23.44, 32.31) 1.00 1.00 0.030°

No 4692.8 796 16.96 (15.82,18.18) 0.81 (0.67,0.98) 0.029 0.81 (0.67,0.98) 0.034

N/A 2463.0 703 28.54 (26.51,30.73) 0.75 (0.62,0.91) 0.004 0.77 (0.63,0.93) 0.008
Current anemia (male < 13 g/dl, female < 11 g/d})

Yes 1021.1 155 15.18 (12.97,17.77) 1.00 1.00

No 5771.6 1157 20.05 (18.92,21.24) 1.09 (0.92,1.30) 0302 1.11 (0.94,1.32) 0.227

N/A 904.5 336 37.15 (33.38,41.34) 1.31 (1.07,1.59) 0.008 1.09 (0.89,1.34) 0.382
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TasLe 3: Continued.
Person- Number \ Adjusted
Crude Rate p P
years LTFU 95% CI  IRR?  95% CI IRRZ  95% CI
value value
Current ART*
3 + (NRTNRTI) 4830.8 942 19.50 (18.29,20.79) 1.00 1.00 0.0013
3+ (NRTI + PI) 1898.3 377 19.86  (17.95,21.97) 1.21 (1.06,1.38) 0.005 1.22 (1.07,1.39) 0.003
ARI\\I,O/ mono/double 762.7 300 3933 (35.12,44.05) 2.18 (1.90,2.50) <0.001 1.92 (1.66,2.22) <0.001
3 + (other
e 205.4 29 14.12 (9.81,20.32) 0.95 (0.65,1.38) 0.786 1.01 (0.69,1.47) 0.975
combination)

(1) Crude rate, per 100 person-years.
(2) Stratified by TAHOD sites.

(3) Overall for test for trend (ordinal categorical covariates) or for homogeneity (nominal categorical covariates).
(4) ART: NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor.

are at high risk of being permanently lost and should be
aggressively traced.

Chi et al. also found that a cutoff of 180 days was
optimal to define LTFU after analysing data from the Africa,
Asia, and Latin America regions of the IeDEA collaboration
(including data from our cohort) [22]. There are some
methodological differences between our analyses, principally
regarding minimum numbers of patients for site inclusion.
Chi et al. found quite extensive heterogeneity between sites,
something we also found to a lesser extent. However, it
is nevertheless reassuring that we found a similar optimal
cutoff of 180 days without clinic visits to define LTFU. With
rapid scaling up of antiretroviral treatment taking place
globally, there is a need to adopt a universal consistent
definition of LTFU, or a general algorithm to define cutoffs,
to evaluate HIV treatment programs in different regions
[6,7,19].

Over one in five patients in our cohort failed to come
to clinic for more than 180 days in a given year. Similar
rates have also been found in patients from Africa [3, 11].
However, the ITFU rate was lower in FuroSIDA [23], a large
prospective cohort study with HIV-infected patients mainly
from Europe (using one year as a cutoff). Approximately half
of the patients who experienced LTFU in our study later came
back to clinic, and patients who had a previous episode of
LTFU were more likely to prove to be true LTFU, similar to
previous findings [18].

We found that younger patients, patients infected with
hepatitis C, and patients with detectable or unmeasured viral
load were more likely to experience LTFU. These findings
are all consistent with previous study findings [10, 11, 24—
26]. Patients with undetectable viral load are likely to be
motivated and adherent to antiretroviral treatment and thus
remain in care. Among those patients who experienced
LTFU, we found that those who tested negative for hepatitis
C infection or were never tested for hepatitis C were more
likely to be permanently LTFU. This finding seems coun-
terintuitive, but it might be that patients who have tested
positive for hepatitis C receive more medical attention from
their clinicians and thus prove less likely to be permanently

LTFU. Among patients identified as LTFU, anemic patients
were also more likely to be permanently lost to treatment
and care. Anemia has been shown to be a strong prognostic
marker for HIV disease progression and survival [27], which
could, at least in part, explain these patients failing to return
to followup.

Compared to patients on NNRTI-based regimen,
patients receiving no-, single-, or double-drug antiretroviral
therapy or a triple-drug regimen containing PI were more
likely to experience LTFU. The reasons for this are not clear.
The greater loss to followup may be associated with increased
drug toxicity, either resulting in a patient receiving mono- or
dual therapy or from receiving a PI. Patients receiving PI-
based regimens are also those who are more likely to be on
a second line regimen, a regimen that may be substantially
more expensive than first line. In the Asia Pacific region,
out-of-pocket expenses are needed to pay for treatment in
some clinics. Hence, the lost to followup may be associated
with drug availability or affordability. It is worth noting that
patients receiving mono- or dual therapy, or a PI based
regimen, were also associated with being less likely to be
permanently lost to followup, that is to say more likely to
return to clinic (albeit not quite statistically significantly
s0). This possibly supports the idea of these regimens being
associated with short-term drug availability or affordability
issues. Unfortunately, data are not available to address this
issue in any greater detail.

It has been shown that, in resource-limited settings,
predominantly in Africa, patients who are LTFU have a much
poorer prognosis than patients who remain in followup
[5]. In part, this is due to a proportion of patients who
die not having vital status information updated at their
treatment site. The extent to which this occurs in TAHOD
is uncertain. While it seems likely that at least some patients
who are LTFU have died without this information reaching
the site, the lack of association between key measures of HIV
disease progression, such as CD4 count and AIDS defining
illnesses, and LFTU suggests it may be lower than in African
settings. However, this association between LTFU and poorer
prognosis underpins the need for consistent definitions of
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TaBLE 4: Factors that predict permanent LTFU in patients without a clinic visit for 180 days.

Number Trueloss % OR!  95%CI  Pvalue Adjusted OR' 95% CI P value

Sex

Male 1206 584 48.4 1.00 1.00

Female 442 209 47.3 0.89 (0.69,1.15) 0.359 0.80 (0.61,1.05) 0.104
Current age (years)

<35 568 278 48.9 1.00 1.00 0.0972

36~45 717 340 47.4 1.33 (1.03,1.71) 0.031 1.31 (1.00, 1.72)  0.050

46+ 363 175 48.2 1.27 (0.94,1.72) 0.118 1.28 (0.93,1.77) 0.128
Reported exposure

Heterosexual contact 985 443 45.0 1.00 1.00

Homosexual contact 344 199 57.8 1.12 (0.78,1.60) 0.532 1.24 (0.85,1.81)  0.262

Injecting drug use 125 55 44.0 1.01 (0.59,1.73) 0.969 1.32 (0.72,2.41) 0.364

Other/unknown 194 96 49.5 1.07 (0.69,1.64) 0.773 1.22 (0.78,1.93) 0.382
Current CD4 count (cells/ul.)

<100 58 36 62.1 1.00 1.00

101-200 129 66 51.2 0.76 (0.36,1.60) 0.471 0.99 (0.47,2.13)  0.989

201+ 1068 465 43.5 0.62 (0.33,1.18) 0.144 0.82 (0.42,1.59) 0.551

Missing 393 226 57.5 1.50 (0.77,2.93) 0.238 1.18 (0.58,2.42) 0.649
Current HIV RNA (copies/mL)

<500 598 230 38.5 1.00 1.00 0.0112

501+ 153 78 51.0 1.02 (0.68,1.52) 0.924 0.94 (0.62,1.42) 0.767

Missing 897 485 54.1 2.13 (1.63,2.80) <0.001 1.54 (1.13,2.09) 0.006
CDC disease stage

Stage A 828 413 49.9 1.00 1.00

Stage B 121 54 44.6 0.77 (0.48,1.22) 0.258 0.70 (0.43,1.14) 0.154

Stage C 699 326 46.6 1.00 (0.78,1.27) 0.975 1.05 (0.81,1.36) 0.702
Tuberculosis diagnosis

Yes 361 186 51.5 1.00 1.00

No 1287 607 47.2 0.87 (0.66,1.16) 0.342 0.85 (0.63, 1.15)  0.297
Time since HIV infection (years)

<5 771 400 51.9 1.00 1.00

6+ 858 389 453 1.25 (0.98,1.60) 0.076 1.03 (0.79,1.34) 0.835

Missing 19 4 21.1 0.37 (0.12,1.17) 0.091 0.43 (0.13,1.43) 0.170
Hepatitis B infection

Yes 112 47 42.0 1.00 1.00

No 883 431 48.8 1.30 (0.84,2.03) 0.243 1.35 (0.84,2.16) 0.222

N/A 653 315 48.2 1.31 (0.82,2.09) 0.253 1.03 (0.60,1.76)  0.908
Hepeatitis C infection

Yes 149 66 44.3 1.00 1.00 0.004?

No 796 376 47.2 1.57 (1.01,2.45) 0.046 1.66 (1.04,2.66) 0.034

N/A 703 351 49.9 1.96 (1.26,3.05) 0.003 2.16 (1.35,3.46) 0.001
Current anemia (male < 13 g/dL, female < 11 g/dL)

Yes 141 87 61.7 1.00 1.00 <0.0012

No 1065 456 42.8 0.53 (0.35,0.81) 0.003 0.50 (0.32,0.76)  0.001

N/A 442 250  56.6 1.15 (0.73,1.81) 0.549 0.78 (0.49,1.26) 0.310
Current ART**

3 + (NRTI + NNRTI) 911 404 443 1.00 1.00

3 + (NRTI + PI) 356 167 46.9 0.76 (0.57,1.02) 0.072 0.74 . (0.54,1.01)  0.057

No/mono/double ARV 352 209 59.4 0.93 (0.69,1.26) 0.644 0.78 (0.57,1.08) 0.137

3 + (other combination) 29 13 44.8 0.89 (0.40,1.98) 0.770 0.85 (0.38,1.94) 0.707
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TaBLE 4: Continued.

Number Trueloss % OR! 95% CI ~ Pvalue Adjusted OR! 95% CI P value

Previous episode of temporary LTFU
None 1298 589 454 1.00 1.00 <0.0012
Once 296 158 534 2.79 (2.05,3.80) <0.001 271 (1.97,3.72)  <0.001
Twice 54 46 85.2 31.76 (13.91,72.52) <0.001 27.75 (12.03, 64.01) <0.001

(1) Stratified by TAHOD sites.

(2) Overall for test for trend (ordinal categorical covariates) or for homogeneity (nominal categorical covariates).
(3) ART: NRTI: nucleoside reverse transcriptase inhibitor; NNRTT: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor.

LTFU in research cohort studies, and where there are possible
active patient tracing strategies or at least sampling-based
approaches [28] to ensure comparability of results across
studies and settings.

Several limitations should be considered in interpreting
the results in this paper. First, TAHOD participating sites are
generally urban referral centres, and the patients recruited in
TAHOD were those regularly attending a given TAHOD site.
Hence, TAHOD patients are not representative of all HIV-
infected patients in the Asia and Pacific region. The overall
rate of LTFU we saw in our study is therefore likely to be
an underestimate of rates across the region. However, the
effect of these sampling biases on the optimal definition of
LTFU and on the covariate analyses is arguably less strong.
It is reassuring that our estimate of the optimal definition
of LTFU is consistent with that seen across Africa and Latin
America [22]. Second, since antiretroviral treatment has
become more decentralised and available in distant or rural
communities with rapid scale-up programs, patients might
choose to receive treatment and care locally rather than at
tertiary and referral centres [29, 30]. Consequently, patients
may have been retained in care but not necessarily in the
clinics involved in this study. Information on referral to
other health facility was only recently included in the data
collection, so we could not further verify if patients were
retained in care or truly loss to health services. Third, we
do not collect data on the measures TAHOD sites undertake
to routinely trace patients who are LTFU. These measures
differ across sites according to local practices and conditions.
Effective patient tracking and recording are essential to
program evaluation and maintenance of treatment and care
[1, 18]. What patient tracking measures are effective in
retaining patients in treatment and care in the Asia-Pacific
region is an area that deserves further research. We also do
not have data on transportation [31], social and economic
status [32], pregnancy for women [10], and community
support [33], all of which have been found to be important
determinants of LTFU. Lastly, the patients included in this
study were all receiving, or started, antiretroviral treatment
and had clinical assessments. Consequently, the results
cannot be extrapolated to patients not yet initiated on
antiretroviral therapy. Research into followup among HIV-
infected patients not receiving antiretroviral treatment in
the Asia-Pacific region needs to be considered [34-36],
particularly in the context of the move to start treatment
earlier.

5. Conclusion

With rapid scaleup of antiretroviral treatment, it is essential
to study factors that predict loss to followup and identify
patients at risk of loss to treatment and care, particularly
in resource-limited settings. At the treatment and care level,
this can maintain efficacy of antiretroviral therapy and avoid
adverse events. At the program evaluation level, the impact
of loss to followup on overall treatment outcome, disease
progression, and survival can then be accounted for with
appropriate statistical adjustments. Collaboration with HIV
treatment programs in other regions in studies on LTFU and
in particular standardisation of LTFU definitions are essential
for reporting and program evaluation.
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Abstract

Object: The aim of this retrospective study was to clarify the potential of fluorodeoxyglucose-positron emission
tomography/computed tomography (FDG-PET/CT) for predicting prognosis in HIV-related malignant lymphoma (ML).

Methods: Participants comprised 24 patients (23 men, 1 woman; mean age, 42.2 years; range, 25-66 years) with
histologically proven ML, classified as either diffuse large B-cell lymphoma (DLBCL) or Burkitt lymphoma according to
the classification of the World Health Organization. We compared relationships between overall survival (OS) and several
indices, including FDG uptake into the lesion site on pretreatment PET and findings on interim PET. Diagnostic criteria
for response evaluation followed International Harmonization Project criteria.

Results: Negative findings on interim PET were associated with significantly longer OS (932+549 days) compared to
positive cases (4541442 days, p=0.043). Cox regression analysis showed strong prognostic influences of interim PET
findings (Hazard ratio 4.57, 95%CI 0.88-23.73) and Eastern Cooperative Oncology Group performance status (Hazard
ratio 10.52, 95%CI 1.26-87.82) on OS. No other indices showed significant relationships with OS. No significant
correlation was confirmed between OS and both age and lesion uptake of FDG on pretreatment PET.

Conclusion: HIV-related ML patients with negative findings on interim FDG-PET showed longer OS than patients with
positive findings. Interim FDG-PET offers a predictor of prognosis for HIV-related ML.

Key words
Fluorodeoxyglucose, Positron emission tomography, HIV, Lymphoma, Overall survival, Interim positron emission
tomography

1 Introduction

Highly active antiretroviral therapy (HAART) has made a substantial impact on the disease spectrum and decreasing
mortality rate among HIV-infected patients '), Improved prognosis among HIV-infected patients has resulted from
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decreases in the incidence of opportunistic infections, but a malignant complication due to HIV infection is still
increasing 1. Non-Hodgkin’s lymphoma (NHL) is extremely common, along with Kaposi sarcoma and Hodgkin’s
disease, as HIV-related malignancies, and the incidence of developing lymphoma is about 60-fold higher in patients with
AIDS than in the general population ®**. HIV-related malignant lymphoma (ML) is still a leading cause of mortality in
HIV-infected patients, despite the improvements achieved with HAART.

HIV-related ML usually shows an aggressive histological subtype, such as diffuse large B-cell lymphoma (DLBCL) and
Burkitt lymphoma, and is frequently diagnosed at a relatively advanced stage. This malignancy tends to involve extranodal
sites, and the incidences of central nervous system (CNS) and bone marrow invasion are higher than with non-HIV-related
ML Pl Another distinctive characteristic of HIV-related ML is that CD4 counts and levels of HIV plasma RNA are
associated with prognosis .

Positron emission tomography (PET) is a noninvasive, quantitative imaging modality that allows visualization of
physiological and biological processes. '*F-fluorodeoxyglucose positron emission tomography/computed tomography
(FDG-PET/CT) is useful for management of ML in terms of staging, treatment response and predicting prognosis .
Several reports have evaluated findings from FDG-PET/CT in HIV-positive patients * ° and the potential of FDG
PET/CT for HIV-related malignancy has been reviewed > ', However, the role of FDG-PET/CT in HIV-associated
lymphomas is still very poorly studied "', This study aimed to clarify the potential of FDG-PET/CT for predicting the
prognosis of HIV-related ML.

2 Methods

2.1 Study design

All study protocols in this retrospective observation study were approved by the institutional review board. We
retrospectively examined 24 HIV-infected patients with histologically confirmed ML classified as either DLBCL or
Burkitt lymphoma in accordance with the classification of the World Health Organization (WHO), who had undergone
FDG-PET/CT between July 2005 and September 2009.

Before initiation of therapy, all patients were staged by clinical examination, laboratory screening, contrast-enhanced CT
of the thorax and abdomen, and pathological diagnosis based on lesion and bone marrow biopsies. Among the 24 patients
included in this study, 15 patients underwent baseline FDG-PET/CT for staging and confirmation of FDG uptake. The
other 9 patients did not undergo baseline FDG-PET/CT, because these case had an aggressive lymphoma which had no
time to undergo FDG-PET/CT scan before immediate treatment. Twenty patients had received first-line chemotherapy at
the time of interim PET imaging, while 4 patients had received second-line chemotherapy. The chemotherapy regiments
used were R-CHOP (n=9), RHyperCVAD (n=7), HyperCVAD (n=3), EPOCH (n=1), modEHSAP (n=1), EHSAP and
DICE (n=1), or R-ESHAP (n=2). All patients underwent FDG-PET/CT during treatment, which was scheduled for before
the start of the next course of chemotherapy.

2.2 PET/CT imaging

The ®*F-FDG used in this study was synthesized with an in-house cyclotron and an automated synthesis system (F100;
Sumitomo Heavy Industries) following authorized procedures. All subjects fasted for 5 h before receiving an intravenous
injection of 370 MBq of "*F-FDG, and serum glucose levels measured at the time of '*F-FDG injection were <150 mg/dL
in all examinations. PET/CT images were obtained using a PET/CT system (Biograph 16; Siemens) consisting of a PET
scanner and multidetector-row CT (16 detectors), and measuring from the vertex to the mid-thigh or knee joints 60 min
after intravenous injection of "F-FDG. Low-dose CT was performed first and used for attenuation correction and image
fusion. Emission images were acquired in 3-dimensional mode for 2 min per bed position. Data from PET were
reconstructed using a Gaussian filter with an ordered-subset expectation maximization algorithm (3 iterations, 8 subsets).
2 ISSN 1925-4067 E-ISSN 1925-4075
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2.3 Evaluation of pretreatment and interim PET images

Pretreatment FDG-PET/CT was performed for 15 cases, and the maximum standardized uptake vatue (SUV) of the most
FDG-avid lesion was measured. Interim FDG-PET scan was performed after 1 cycle of chemotherapy in 4 cases, after 2
cycles of chemotherapy in 10 cases, after 3 cycles of chemotherapy in 7 cases and after 4 cycles of chemotherapy in 3
cases. Image evaluation was performed by physicians with >5 years of experience in nuclear medicine. Diagnostic criteria
for response evaluation followed International Harmonization Project criteria %!,

2.4 Statistical analysis

Data were expressed as mean = SD. Mann-Whitney’s U-test was used for evaluating differences in diagnostic performance
between DLBCL and Burkitt lymphoma. Overall survival (OS) was defined as the interval from interim PET to death from
any cause. Univariate analysis by proportional hazards (Cox) regression was used to assess the value of prognostic factors
for predicting OS. Survival curves were calculated according to the methods of Kaplan and Meier !'*), with differences

between groups analyzed using the log-rank test. Values of p<0.05 were considered statistically significant.

Table 1. Patient characteristics

Patients 24 13 11 —
Male 23 13 10 _—
Median age, y (range) 42.2 (25-66) 45.6 (27-66) 38.3 (25-61) —
ECOG performance status 3-4 10 5 5 1
Stage TI/IV 17/24 6/13 11/11 —
Extranodal sites 22 12 10 —
Bonemarrow involvement 9 0 9 3
CNS involvement 4 0 4 —
Median Soluble IL-2 level 1,649 1,239 2,184 1
Median LDH level 1,779 273 3,149 —_
LDH level (<400 TU/L) 20 9 11 3
Median CD4 count (cells/mm”) 204 149 259 2
17 - 100 cells/L 8 6 2 —
101 - 493 cells/L 14 5 9 —
Median HIV viral load (range) 789,060 231,060 1,347,060 2
cART naive 15 6 9 —
EBER positive in biopsy tissue sample 12 6 6 6
CD20 positive 22 12 10 —_

DLBCL: diffuse large B cell lymphoma, UN: unknown, ECOG: Eastern Cooperative Oncology Group; LDH: lactate dehydrogenase, CNS: central nervous system, IL-2: interleukin-2 receptor, cART,

combination antiretroviral therapy, EBER: Epstein-Barr virus-encoded small RNA.

3 Results

3.1 Patient characteristics

We retrospectively examined 24 HIV-infected patients (23 men, 1 woman; mean age, 42.2 years; range, 25-66 years).
Patient characteristics are summarized in Table 1. After a median follow-up of 24 months (range, 2-57 months), 17 of 24
patients remained alive and 7 had died due to progression of ML. Patient characteristics are shown in Table 1. According
to the malignancy criteria of the WHO, ML in the 24 HIV-infected patients was classified in DLBCL (n=13) or Burkitt
lymphoma (n=11). Burkitt lymphoma in HIV-infected patients typically shows a more advanced stage at first diagnosis,
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and a high incidence of bone marrow and CNS involvements. Mean CD4 counts, HIV viral load and Lactate
Dehydrogenase (LDH) level were higher in Burkitt lymphoma than in DLBCL, however statistical significance was
confirmed in LDH alone.

3.2 FDG-PET/CT images

Figures land 2 show the paradigm for FDG-PET/CT during the course of treatment for ML in HIV-infected patients
(Figures 1 and 2). Pretreatment FDG-PET/CT was performed for 15 patients, comprising 12 patients for initial staging and
3 patients for restaging suspected ML recurrence. Interim FDG-PET/CT for the evaluation of therapeutic responses was
performed in all 24 cases, and 10 cases were evaluated as “positive interim PET” and 14 cases were evaluated as “negative
interim PET”. Mean interval between pretreatment PET and interim PET was 56.4+21.9 days (range, 27-99 days).

Figure 1. A. The pretreatment PET/CT shows
multiple FDG avid lesions (arrows) for HIV related
ML (DLBCL) and small focal FDG uptakes. B.
Interim PET/CT shows disappearance of all FDG
avid lesions. Long OS with 1,328 days was

confirmed in this case.

Figure 2. A. The pretreatment PET/CT
shows FDG avid lesions at the left lung.
B. Interim PET/CT shows residual FDG
uptake at the lung. C. Follow-up PET/CT
shows disappearance of the lesions but
CNS ML was confirmed. This case
showed short OS (134 days).

Mean SUVmax of FDG uptake by lymphoma lesions was 15.6+7.3 in ML patients on pretreatment FDG-PET/CT. No
significant difference in FDG accumulation was seen between DLBCL (n=10, 15.748.0) and Burkitt lymphoma (n=3,
15.3£5.3).
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3.3 Prediction of survival by FDG-PET/CT and other indices

Negative findings on interim PET were significantly associated with longer OS (932+549 days) compared with positive
cases (454+442 days; p=0.043, log-rank test) (Figure 3). Over all two year survival rate of negative findings on interim
PET was 0.80 (95%CI 0.69-0.91), which was higher than 0.29 (95%CI 0.16-0.41) in positive cases. A similar trend was
found according to the type of ML (DLBCL, 9344593 vs. 557+556 days; Burkitt lymphoma, 931+550 vs. 2294136 days),
but the difference was not significant (p=0.15-0.16). Over all two year survival rate in DLBCL was 0.80 (95%CI
0.69-0.91) in negative findings on interim PET, which was higher than 0.40 (95%CI 0.27-0.53). Over all two year survival
rate in Burkitt lymphoma was 0.80 (95%CI 0.69-0.91) in negative findings on interim PET and no alive patient in positive
cases. The result of Cox regression analysis is summarized in Table 2. Cox regression analysis showed strong prognostic
influences of Eastern Cooperative Oncology Group performance status (ECOG-PS) (p=0.03) and interim PET findings
(»p=0.07) in OS.

Table 2. Univariate analysis of OS to pretreatment prognostic factors and interim PET/CT interpretation

Index . _HR . 95%CIforHR  Pvalue
Age =40 vs. <40 1.37 0.28 - 0.68 0.704
ECOG performance status 2-4 vs. 1 10.52 1.26 - 87.82 0.030
Stage ITI/IV vs. I/II 3.91 0.06 - 27.84 0.274
Bone marrow involvement 1.17 0.24-5.83 0.844
CNS involvement 221 0.43-11.52 0.346
Bulky mass 1.13 0.21-6.17 0.888
Soluble interleukin-2 receptor = 1000 vs. <1000 2.27 0.42-12.46 0.344
CD4 count, cells/L (cells/mm®) =100 vs. < 100 0.47 0.10-2.36 0.362
HIV viral load 2.33 0.27-19.98 0.440
LDH level (< 400 IU/L) 0.47 0.09 - 2.58 0.385
CART naive 0.69 0.13-3.56 0.656
Pathology (DLBCL or Burkitt) 1.36 0.30-6.11 0.686
EBER positive in biopsy tissue sample 0.94 0.13 - 6.67 0.950
SUVmax of lesion in pretreatment PET =15 vs. <15 1.64 0.10 - 26.35 0.726
Interim PET/CT positive vs. negative 4.57 0.88 -23.73 0.070

O8S: overall survival, HR: hazard ratio, ECOG: Eastern Cooperative Oncology Group, CNS:central nervous system, LDH: lactate dehydrogenase, cART:combination antiretroviral therapy, EBER:
Epstein-Barr virus-encoded small RNA, DLBCL: diffuse large B cell lymphoma, SUV: standardized uptake value
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